Abstract-A method of modeling a Minsky counter machine behavior using a two head finite autom aton is proposed.
INTRODUCTION
It is shown in this paper in a simple and intuitive way how the execution of a Minsky counter machine can be modeled using a two head automaton in the sense that this automaton will allow only those words that are final performances of a counter machine from all the possible initial configurations.
It is known (see, e.g., [2, 4] ) that the emptiness problem (loop for any input) for Minsky machines with two counters isn't even partially solvable. Consequently, we have that the emptiness problem (non accep tance of every word) for two head automata is not also partially solvable. In turn, this fact about a two head automata is used in the proof of the undecidability of some problems for program schemes [1] .
Therefore, the results of this paper can be used in the teaching of the theory of program schemes in that part of it that relates to, for example, evidence proof of the lack of partial decidability of the emptiness problems the equivalence problem of standard program schemes.
Previously [1] , the absence of partial solvability of the emptiness problem for two head automata was proved with the help of a (mixing) loop problem for Turing machines. The proof is cumbersome and at the same time is given as a sketch in which the main ideas of modeling of a Turing machine execution over some initial word.
In this paper, each command of a Minsky counter machine is compared to the corresponding routine of a two head automaton in a graphic form, which simulates the execution of this command.
BASIC CONCEPTS AND DEFINITIONS
A Minsky counting machine M is a set of (q 0 , q n , Q, X, δ), where Q = {q 0 , …, q n } is a nonempty finite set of the machine's states; q 0 ∈ Q is the initial state; q n ∈ Q is the final state; X = {x 1 
For the final state q n , a transition rule is not provided. This means that, if it enters the state q n , Minsky machine M terminates.
The configuration of the Minsky machine is a set of (q i , c 1 , …, c m ), where q i is the state of the machine, and c 1 , …, c m are natural numbers (including zero), which are the values of the respective counters. The execution of the Minsky machine is a sequence of configurations s 0 s 1 s 2 s 3 s 4 … inductively deter mined in accordance with the rules of the transitions. A counting machine has a single execution from the initial configuration s 0 , since, for each state, there is provided no more than one rule of transitions. The machine in the input receives a set of counters, starts from the state q 0 and either stops in the state q n with the output amount set of counters, or loops, thereby realizing a partial numerical function.
A two head machine A = (V, Q, q 0 , q f , #, I) has one tape and two reading heads that can be indepen dently move along the tape in one direction. The set of states Q = Q 1 ∪ Q 2 is divided into two disjoint sub sets, the first head is active in the states of Q 1 , and the second head is active in the states of Q 2 . V here is the alphabet of symbols on the tape; q 0 ∈ Q is the initial state; q f ∈ Q is the final state; # is the symbol of the end of the tape; and I is the program of automaton A, i.e., a sequence of commands of the form q a → q', where q; q' ∈ Q; a ∈ V; and, for any pair (q, a), there is a single command that begins with these symbols. In the initial state, both heads are the first character of the tape.
According to the program, at each step, the machine reads using the active head a symbol from the tape, moves it over the tape to the right by one cell, and enters a new state. If the machine is in the state q ∈ Q i (1 ≤ i ≤ 2), then the i th head is active and reads a character from the tape. In the transition of the machine to the state q' ∈ Q j (j ≠ i), the ith head stops and the jth one begins to read the characters from its position on tape (i.e., from the point where it stopped before the control transferred to the ith head). The machine stops if one of the heads reads the symbol # from the end of the tape. The machine also stops if any command from the I program cannot work. The automaton accepts the word α in the alphabet V if, having begun work with the tape containing this word, it stops in the final state after the active head reads the # symbol of the end of the tape.
A two head automaton simulates a Minsky counter machine if the automaton allows only those words that are the finite executions of this machine (for all possible initial configurations).
MODELING

Theorem 1. A two head machine that simulates the execution of a Minsky counter machine can be built for any such machine.
Proof. Let us confine ourselves to the two counter case; i.e., let us simulate the work of only two counter Minsky machines by two head automata. In the case of an n counter, the modeling is carried out by analogy. Moreover, a two counter Minsky machine has Turing power and can simulate arbitrary n counter machines [3] .
Let's start with the alphabet and present a counter machine's configuration on the tape of a two head automaton. Let V = {q 0 , …, Q n , 1, *}, where q i is the symbol that represents the state of the Minsky machine, the appropriate number of characters "1" represent the values of the counters, and * is a special separator. Let us present the configuration (q, c 1 , c 2 ) of counter machines on the tape in the form * *. Then, for example, the transition of the counter machine from (q, c 1 , c 2 ) in the configuration of (q', c 1 + 1, c 2 ) at triggering of the first type command q: x 1 := x 1 + 1; goto q' will be shown on the tape of a two head autom aton as * * q' * *. Here, q, q' ∈ {q 0 , …, q n }, q ≠ q n .
Let us match each state of the counter machine with the same state (with the same mark) of a two head automaton in which will be active the second reading head. Each command of the counter machines will be modeled by the corresponding routine of a two head automaton as shown in the form of a transition graph in Fig. 1 . The figure shows the state of the automaton in the form of circles; the number inside the circle indicates the number of active reading heads in this state. The symbols of the tape by which a tran sition from the current state of a two head automaton to another is possible are shown by arcs.
Let us also match a routine for the final state q n of a counter machine (see Fig. 1 ) that ends in a final state indicated by a double circle two head machine with an active first reading head. The initial state of the two head automaton is a new state with the active first reading head, which is also given a subrou tine (see Fig. 1 ). The meaning of this subprogram is to transfer control to a second reading head in the state q 0 , which corresponds to the initial state of the counter machine, after reading the initial configura tion of the counter machine by the first head.
With the exception of the routines for the initial and final states, the work of the routines reduces to the verification of the compliance (by the two neighboring characters recorded on the tape) of the counter machine's configurations to the corresponding commands (for this machine), which transform one con figuration to another.
By construction, the two head automaton, which simulates a counter machine, will thus allow only those words that are possible for the final executions of this counter machine.
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